Abstract. The treatment of scattering processes in remote sensing for interpretation of satellite data is demonstrated in the visible and microwave spectral range comparing the two spectral ranges. Analogies and distinctions in the treatment of the scattering processes are shown. Based on this cognition an approach for traffic simulation is outlined.
Radiative transfer and scattering
Radiative transfer theory (Chandrasekhar, 1950) describes the scattering and absorption processes in remote sensing from the ultraviolet and visible to the microwave spectral range. It describes the change a radiation field experiences traversing through a medium. Starting point of this theory is the radiative transfer equation in the general case.
I λ is the intensity or the Stokes vector depending on wavelength λ. is the solid angle. k λ is the extinction coefficient matrix. J λ is called the source function. The first term on the right hand side corresponds to the reduction of I λ , which is caused by absorption of the medium and by scattering in the medium. The second term implies the enhancement of I λ , which arises from emission and scattering from all directions into the direction of observation. The different terms of
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where n is the vector of direction of propagation. a(n, λ) is the absorption coefficient vector, which includes the absorption of atmospheric gases and the absorption by aerosol and cloud particles. T is the temperature necessary to calculate the Planck function B(λ, T ). The scattering function p(n, n , λ) describes the probability, that the intensity from direction n is scattered in direction n (Fig. 1) . It is a function of the physical properties (refractive index) and of the size distribution of the scattering particles. The effect of the different terms in Eq. (2) depends on the considered wavelength range. In the ultraviolet, visible and near infrared spectral range the incident sun light is scattered and absorbed in the atmosphere. This is described by the first two terms on the right hand side in the equation. The second term contains the direct scattered sun light and the multiple scattered light in the atmosphere. Scattering at air molecules and at very small particles, the so called Rayleigh scattering, has its largest effect in the ultraviolet. In the visible and near infrared spectral range the scattering at aerosol and cloud particles gets a larger influence compared to Rayleigh scattering. The influence of these particles decreases with increasing wavelength. In the microwave and millimeter wavelength range only very large particles (e.g. rain drops) remain important. The intensity of the incident solar radiation decreases with increasing wavelength as well and the influence of the third term in Eq. (2) increases, which describes the thermal emission as a function of the temperature.
Several approaches exist to solve the radiative transfer equation for an inhomogeneous atmosphere. All approaches divide the inhomogeneous atmosphere in homogeneous layers or cells, for which the transfer equation is solved.
A layer is considered homogeneous, if the extinction matrix, the absorption coefficient vector and the scattering function are representative and constant for this layer. The solution of the radiative transfer equation for the whole atmosphere surface system is derived from the solutions of the homogeneous layers (Fig. 2) applying the interaction principle (Plass et al., 1973) . To link the layers it is assumed that the radiation emerging from one layer or cell is entering into the next layer or cell without changing. In the next layer or cell it is then altered by scattering, absorption, transmission and emission corresponding to the physical characteristics of the layer or cell. There are several methods and procedures available to solve the radiative transfer equation for a homogeneous layer (Lenoble, 1985) and to link the homogeneous layers, which will not be considered here.
Application to traffic simulation
The steadily growing interest in understanding and improving the traffic situation makes it necessary to find new approaches for analysis and simulation of traffic flow. In this paper it is investigated, if approaches to solve the radiative transfer problem in remote sensing can be adopted to traffic simulation. Comparing traffic simulation with the treatment of scattering processes in an atmosphere-surface-system the similarities are obvious. The radiative transfer problem describes transmission, distribution and quantitative change of a radiation field incident on a medium. In traffic simulation traversing, distribution by change of direction and quantitative change of traffic flow in an area are described. The problem can be treated in both cases as a stationary problem if the considered time frame is chosen large enough. The distribution of radiation is described by the scattering function. For traffic simulation an appropriate quantity can be found and defined. Traffic flow, destination and origins of traffic correspond to transmission, absorption and emission processes in radiative transfer.
The medium of propagation in radiative transfer is the atmosphere or the ocean. The medium of propagation in traffic simulation is the network of roads in a certain area. We consider here the network of roads not on the level of single Figure 3, upper part shows an example for a typical traffic situation in the city of Vienna, Austria. Here, the averaged speed in quadratic cells of 100 m × 100 m is displayed color coded. In bright areas, the averaged speed is large. The velocities are calculated using Floating Car Data from a Vienna taxi fleet. Figure 3 , lower part shows that by simple abstraction a cell system can be deduced. To this cell system the radiative transfer approach can be applied.
There are obvious analogies between radiative transfer and this way of describing traffic. The concept of application of methods for radiative transfer simulation to traffic simulation has the following view: An area is subdivided corresponding to traffic characteristics into small cells considered as homogeneous. These characteristics can be the change of the speed and direction and distribution of traffic in the cell, number of vehicles, that are absorbed by or emitted from the cell. In these cells the traffic from all directions into this cell is changed by applying these characteristics like an operator to the incoming traffic flow. The traffic changed in this way leaves the cell then again in all direction according to its modification. The linking between the cells takes place as mentioned above.
In both cases, it is possible to retrieve the situation within a certain area by solving an inverse problem. The input for the inverse problem is derived from measurements of the characteristics at a few distinct points outside the area of interest.
But the differences between the two approaches are obvious as well. The considered radiation field is continuous. Traffic has discrete characteristics, even if it is considered as continuous. Thus the distribution function is cascaded. The symmetry relations, that are important in radiative transfer, have to be neglected in traffic simulation. This leads to the effect, that the scattering function in radiative transfer is valid for an angle range between 0 • and 180 • , but in traffic simulation angles larger that 180 • must be taken into account. But the problems arising because of these differences are solv- able. It is much more difficult to provide the quantities corresponding to scattering, absorption or emission in radiative transfer. Solving these difficulties the well studied retrieval methods in radiative transfer can be applied to traffic simulations. In this way the traffic situation in the homogeneous cells can be derived from few traffic flow measurements at distinct points, that are indicators of the traffic situation inside the area of interest.
